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San Andreas fault in California

• Major plate 
boundary fault

• Important 
natural 
laboratory for 
fault and fault 
system behavior

• Seismic hazard 
and risk



Century-long average time intervals between ruptures of 
the San Andreas fault in the Carrizo Plain 
S. Akciz, L. Grant Ludwig, J R. Arrowsmith and O. Zielke
In revision for GEOLOGY



153 years since the 
last Big One on the 
Southern San 
Andreas fault 
Are we

?
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Mw7.8 ‘ShakeOut’ Scenario  (Nov. 2008)
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Summary of Carrizo, WGCEP 1988

• Relatively infrequent ruptures, 
average recurrence interval (RI) 240-
450 yrs

• Large magnitude, large slip (9.5 – 12.3 
m)

• Long rupture length
• Characteristic EQ and segment 

models









Implications

• Relatively low probability of Carrizo 
rupture

• Carrizo segment controls occurrence 
of largest 1857-type EQs

• Smaller or larger than 1857 M 
Carrizo EQs not likely



Seismicity and strain

M7.9

Earthquakes >M3 (1900 to October 2009)

~36 mm/yr
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Research Goals:
•Expand paleoearthquake record
•Obtain ages of piercing lines
•Obtain slip per-event

Methods:
•Lots of trenches
•C14 dating
•Paleoclimate record
•Detailed “B4” Lidar data analysis

BIDART FAN



Data collection
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Trench log of BDT5 SW wall
6 Ruptures A.D. 1360 – 1857 in Filled Sag Pond
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Events      Dates

A              1857

B 1631-1823

C 1580-1640

D 1510-1612

E 1430-1475

F 1360-1452

New earthquake chronology at the Bidart Fan Site.

Events      Dates

A              1857

B 1640-1857

C 1545-1630

D 1370-1425

E 1285-1340

F 500-1250

G 500-1250
From Akciz et al., 2009

G?              1285-1340



Mean 88 years



Carrizo Plain, 1857 Offsets
Carrizo Plain

WCWC4.7m 5.0m

5.4m5.4m 5.8m

4.7m 5.0m

5.4m5.4m 5.8m

From Zielke et al. 2010



• Offsets fall into well defined groups
• 1857 EQ with 5.3 ±1.4m
• Previously reported value of 8-10m records cum. slip of 

multiple (probably 2 large) earthquakes

Zielke et al. 2010
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Bidart Fan southeast channel is offset ~10 m 
How many earthquakes?



Limited deposition since A.D. 1470-1640

1418 + 10 1605 + 5 Check:
1857 – 1605 = 
252 yrs.
252 yrs * 36 
mm/yr = ~9 m

1857 – 1418 = 
439 yrs.
439 yrs * 36 
mm/yr = ~16

15.9 m 10.2 m

Not drawn to scale
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A (1857)

Zielke et al. 2010

A, B, C, D, E

A+B

?



0.01

Frequent, >M6 earthquakes in the Carrizo

From Schwartz & Coppersmith, 1984

What does new Carrizo data suggest?



Most recent ruptures
~1680 AD
1812 AD
1857 AD
1906 AD



Elapsed time:
104 yrs
153 yrs
198 yrs

> 300 yrs



SUMMARY

• At Bidart Fan San Andreas Fault ruptured 7 times 
between 1310±30 AD and 1857.

• Mean interval is 88 + 41 years since 1360.
• Slip per earthquake was variable, not characteristic 
• 1857 and penultimate rupture each ~ 5 m slip
• Repetition of 1857-like ruptures is possible, but 

smaller magnitude or different rupture pattern also 
occurred.

• No compelling evidence for Carrizo “segment” as 
defined by slip gradients and different recurrence 
intervals.



Conclusions and Questions
• Large magnitude, large slip and smaller slip 

earthquakes (variable slip)
– Current strain accumulation ~equal to maximum 

released (in 1857).
• Rupture average recurrence 88+41 yrs
• Elapsed time since 1857 is 153 yrs
• High probability of Carrizo rupture?

– Large or moderate magnitude?
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